a b s t r a c t N-methyl-D-aspartate (NMDA) receptors play an important role in excitatory neurotransmission and mediate synaptic plasticity associated with learning and memory. NMDA receptors are composed of two NR1 and two NR2 subunits and the identity of the NR2 subunit confers unique electrophysiologic and pharmacologic properties to the receptor. The precise role of NR2C-containing receptors in vivo is poorly understood. We have performed a battery of behavioral tests on NR2C knockout/nb-galactosidase knock-in mice and found no difference in spontaneous activity, basal anxiety, forced-swim immobility, novel object recognition, pain sensitivity and reference memory in comparison to wildtype counterparts. However, NR2C knockout mice were found to exhibit deficits in fear acquisition and working memory compared to wildtype mice. Deficit in fear acquisition correlated with lack of fear conditioning-induced plasticity at the thalamo-amygdala synapse. These findings suggest a unique role of NR2C-containing receptors in associative and executive learning representing a novel therapeutic target for deficits in cognition.
Introduction
Glutamate mediates majority of the excitatory neurotransmission in the mammalian central nervous system. There are three major classes of ionotropic glutamate receptors classified on the basis of sequence similarity and pharmacology (Erreger, Chen, Wyllie, & Traynelis, 2004; Traynelis et al., 2010) . One such class of ionotropic glutamate receptors is the N-methyl-D-aspartate (NMDA) receptor, which is involved in key physiologic events such as synaptic plasticity and neural development. The NMDA receptor is a tetrameric receptor composed of two NR1 and two NR2 subunits (Monyer et al., 1992) . The identity of the NR2 subunit (NR2A-D) confers unique electrophysiologic and pharmacologic properties to the NMDA receptor. NR2A-and NR2B-containing receptors are expressed widely throughout the central nervous system and are essential for integration of environmental stimuli and synaptic processes of learning and memory (Gao et al., 2010; Tang et al., 1999; Zhao et al., 2005) . In contrast, the role of NR2C-and NR2D-containing receptors is poorly understood. The NR2C subunit is abundantly expressed in the cerebellar granule neurons first appearing at postnatal day 10 in rodents (Cathala, Misra, & Cull-Candy, 2000; Farrant, Feldmeyer, Takahashi, & Cull-Candy, 1994; Karavanova, Vasudevan, Cheng, & Buonanno, 2007; Monyer, Burnashev, Laurie, Sakmann, & Seeburg, 1994; Wenzel, Fritschy, Mohler, & Benke, 1997) . NR2C mRNA is also expressed in the olfactory bulb, thalamus, retrosplenial cortex, pontine and vestibular nuclei (Karavanova et al., 2007; Wenzel et al., 1997) and certain interneurons in the cerebral cortex and hippocampus (Monyer et al., 1994) .
Activation of the NMDA receptor is both ligand-and voltagedependent. NMDA receptors are inactive under resting membrane potential due to Mg 2+ -block (Mayer, Westbrook, & Guthrie, 1984) . However, NR2C-containing receptors exhibit relatively low sensitivity to Mg 2+ -block compared to NR2A-and NR2B-containing receptors (Cull-Candy, Brickley, & Farrant, 2001; Monyer et al., 1994) . This property allows the NR2C-containing receptors to be activated by ambient glutamate without the requirement for prior depolarization as seen in layer 4 spiny stellate cells in barrel cortex and reticular thalamic nuclei (Binshtok, Fleidervish, Sprengel, & Gutnick, 2006; Zhang, Llinas, & Lisman, 2009 
